Clinical evidence exists which suggests that normal pigment cell (melanocyte) function is subject to hormonal influences, but the nature of these interactions at a cellular level is poorl y understood. W e have investigated the effects of the vitamin D-derived secosteroid hormone la-25,dihydroxyvitamin 0 3 (1 ,2S (OHh03)' the pituitary-derived peptide alpha-melanocyte stimulating hormone (a-MSH), and the sex steroid beta-estradiol on melanocytes cultured from normal human foreskin.
M) for 48 h resulted in a 100% increase in 25-hydroxyvitamin 03-24-hydroxylase activity and a 50% increase in tyrosinase activity. There was no significant effect of S evera l hormones are thought to influence skin pigmentation in vivo. These include sex steroids [1] and pituitary derived pro-opiomelanocortin related peptides [2] . It has been suggested that the hormonal form of vitamin D [1(X-25,dihydroxyvitamin D3 (1,25(OH)2D 3)) may also influence pigment cell fun ction. This metabolite, which is produced in relatively large concentrations in the kidney (3] , is also synth esized by epidermal keratinocytes [4) and by some melanoma cell lines [5] . 1 ,25(OH)2D3 binds to specific receptors in some melanoma cel l lines [6, 7) and exerts profound effects on their proliferative and melanogenic activities in vitro [6, 8, 9] and in vivo [10] . Pavlovitch et al [11) showed that the tyrosinase [E.C. 1.14.18.1] response of rat skin to a dose of ultrav iolet irrad iation was dependent on the vitamin D status of the animal.
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Abbreviations: (X-MSH-alpha-mclanocyte stimul ati ng hormone cAMP -cycl ic ade nosine ll1onophosphate CT -cho lera toxin EMEM -Eagles minimal esse ntial medium with Earl e's sa lts FCS -feta l ca lf serum IBMX -isobu ty lmethy lxa nthin e mEMEM -mod ifi ed EMEM PMA -phorbol-12-myristate- M caused a sevenfold increase in intracellular cAMP after 12 min but only a modest increase « 20%) in melanocyte tyrosinase activity after 48 h. Incubation with betaestradiol for 24 h caused a dose-dependent increase in tyrosinase activity. The maximal response varied from 145%-213% of basal activity depending on the donor source~ These results indicate that melanocytes fro m normal human foreskin in culture have the capacity to respond directly to several hormones. They also suggest that these cells form a useful model to study the effect of various hormones on pi gment cell function. ] I'lIIest Dermatol 91 : 593 -598, 1988 Th e mechanisms involved in the actions of t hese hormones on pi gmented cells are currently unclear. Some information is available from studies involvin g melanoma celis, but the hormonal res]?onses of these celis are variable, even in qualitative terms [9,12 -14J . The recent development of methods for the cu lture of melanocytes from normal skin [15 ,16] has faci litated the study of the effects of 1,25(OH )zD and other ho rmones on the function of these cells.
MATERIALS AND METHODS

Materials
Eagle's minimal essential medium with Earle's salt (EMEM) ' was purchased fro m Gibco Laboratories (Grand Island, NY) . Iscove's medium (containing bovine serum albumin), fetal calf serum (FCS), charcoal-stripped FCS, and trypsin were al l purchased from Flow Laboratories Inc. (Sydney, Australia). Plastic tissue culture dishes and fl asks were obtained from Nll11C Inter Med (Roskilde, Denmark) and Cornin g Ltd., Laboratory Division (Staffordshire, UK). Phorbol-12-myristate-13-acetate (PMA), cholera toxin (CT), isobuty l methyl xa nthine (IBMX) , bovine serum albumin, ethylene diamine tetra-acetic acid disodium salt (EDT A), geneticin , DNA standard, soy bea n trypsin inhibitor, phenylthiourea, Experimental Conditions Melanocytes near confluence were detached from the culture flasks with trypsin (0.05% w Iv) and EDTA (0.02% w Iv) in phosphate buffered saline. These cells were pelleted, resuspended in growth medium, and seeded at a density of 1 -4 X 10 4 cells/ cm 2 on to uncoated plastic 24 well plates or flasks except where otherwise indicated [18] . After incubation for 48 h the growth medium was replaced with EMEM devoid ofPMA and CT (mEMEM) but containing up to 5% FCS which had been charcoal treated (charcoal-stripped FCS) in an attempt to remove endogenous steroids [7] . After preincubation with mEMEM for the stated times, the cells were either analyzed for 1,25(OH)2D3 uptake or cyclic adenosine monophosphate (cAMP) production, or incubated for a further 24-48 h with 1,25(OHhD 3 , a-MSH or with beta-estradiol. 1,25 (OH)2D3 and beta-estradiol were added in absolute ethanol (0.1 % final concentration), while a-MSH was added in phosphate buffered saline (1 % final concentration). Control wells received the appropriate vehicle. At the end of the third incubation period (up to 48 h) tyrosinase and 24-hydroxylase were measured as described below.
Uptake of(3H]1,25(OH)2D3 by Intact Cells These studies were performed in order to determine whether the observed effects of 1,25(OHhD J were receptor-mediated. After preincubation in mEMEM for 24 h the melanocytes were detached and collected in phosphate buffered saline containing 1 mg/ml soy bean trypsin inhibitor. The cells were pelleted, washed once in binding buffer (EMEM containing 2 mM glutamine, 20 mM Hepes, 0.05% bovine serum albumin, pH 7.4), and resuspended in fresh binding buffer. An aliquot of the cell suspension was counted in a hemo-cytometer. The volume was adjusted to give a final cell concentration of 0.2 -1.0 X 10 6 cells/ml. Uptake of[3HJ 1,25(OHhD3 by intact cells was measured by the method of Manolagas and Deftos [19J modified as previously described [9] . Briefly, 500 jll aliquots of the cell suspension were added to poly carbonate tubes containing either milliliter of a hydroxylapatite slurry (50% v /v in 0.01 M Tris-HClj 0.1 M KCI, pH 7.5) was added to the lysed cells and the mixture Wa incubated for 15 min with vorte~ing every 5 min. The mixture wa! centnfu ge~ at 1.000 g for 5 m1l1 and the hydroxylapatite pellet was hed r:"lce .w.lth buffer (0.01 M Tris-HCI, 0.001 M EDTA, pH 7.5). RadIOactiVIty was extracted from the pellets by the addition of 1 n;1 ethanol an~ 0.5 ml dichloromet~ane. The. mixture was kept at 30 C for 30 mm, vortexed several times durmg this period, and centnfuged at 1000 g for 5 min. The supernatant was decanted into liquid scintillation vials. This procedure was repeated once and the sup~rna~al:ts for each tube pooled. After drying in air overnight the radlOaCtlVlty was counted in 10 ml Instagel. cAMP Measurements After preincubation with mEMEM for 48 -72 h the cell monolayers (containing approximately 1 X 10 4 cells/cm Z ) were washed twice with phosphate buffered saline and incubated for 10 min at room temperature in mEMEM containing 2% charcoal stripped FCS and 10 111M IBMX [23J. 1,25(OH)2D3 or Q-MSH were then added and the cells were incubated for a further 12 min at room temperature. The medium was aspirated, the cells extracted with absolute ethanol and an aliquot assayed for cAMP by a radioimmuno-assay technique using [,25IJcAMP and a laboratory generated antibody [24J. Another aliquot of the cell extract was diluted in phosphate buffered saline, sonicated, and assayed for DNA content by the method of Kapuscinski and Skoczylas [25] using denatured, hi ghly polymerized DNA from calf thymus as a standard. Although the concentration of IBM X used in these experiments is relatively high, previous studies in this laboratory have shown that under these conditions, hormonal effects on cAMP production are demonstrable in a wide variety of cell types, including pigment cell s [9,23,24J.
24-Hydroxylase
Statistical Analysis Groups were compared using Student's t-test for unpaired data.
RESULTS
Specific Uptake of PH] 1,25(OH)zD J by Melanocytes Intact melanocytes accumulated PH] 1,25(OH)zD3 in a specific, saturable manner (Fig 1) . In order to obtain a quantitative measure of the translocation rrocess [19] , this data was analyzed by the method of Scatchard [26 . A straight line was obtained with an apparent dissociation constant (Kd) for the 1,25(OH)zDj intracellular binding site ofO.811M and a total concentration (N max) of7 fmol/l0 6 cells (Fig   1, inset) .
Scatchard analysis of the data generated with nuclear bound 1,25(OH)2D3 gave very similar results. The appare nt dissociation constant was 0.5 1 nM, while the total concentration was 10 fmol/l0 6 cells (data not shown).
In the presence of 2 nmol unlabeled 1,25(OH)2D 3 the specific uptake of [3H]1,25(OH)2D3 was reduced by approximately 50%, whereas at least 1000-fold molar excess of 25-hydroxyvitamin D 3 was required to effect a similar reduction in uptake (Fig 2) .
Effects of 1,25(OH)2D3 on 24-Hydroxylase Activity, Tyrosinase Activity and Melanocyte Numbers Incubation of mel anocytes with 10-10 or 10-9 M 1,25(OHhD 3 for 48 h resulted in a twofold increase in 24-hydroxylase activity (Fig 3) . This response was biphasic with a maximal increase at 10-9 M 1,25(OH)2D3 (Fig 3) .
Incubation with 1,25(OHhD 3 (10-10 -10-8 M) for 48 h in rnEMEM resulted in a dose-dependent increase of tyrosinase activity (Fig 4a) . Under these conditions the maximal tyrosinase response in melanocytes from three donors varied between 136% and 160% of control values. If melanocytes were examined after only 24 h incubation with 1,25(OHhD 3 in mEMEM the increases in tyrosinase activity were smaller and varied between 105% and 136% of control values, depending on the donor source (data not shown). Qualitatively similar results were obtained when the melanocytes were incubated with 1,25(OH)2D3 in Iscove's medium, except that increases of 147% -170% (at 10-9 M) of the control values were seen after only 24 h (p < 0.01).
Incubation with similar concentrations of 1 ,25(OHhD3 also resulte d in a decrease in cell numbers (Fig 4b) . In three experiments, the magnitude of the decrease in cell numbers induced by 1,25(OH)2D3 at various concentrations was negatively related to the increase in tyrosinase activity (n = 9, r = 0.744, P < 0.025).
1,25(OH)2D3 had no significant effect on intracellular cAMP levels at any of the concentrations examined (data not shown).
Effects ofa-MSH on cAMP Production and Tyrosinase Activiry Incubation of melanocytes with a-MSH (5 X 10-7 M) for 12 m in resulted in a sevenfoll:i increase in intracellular cAMP concentrations (Fig 5) .
In contrast, incubation of melanocytes with the same concentration of a-MSH (5 X 10-7 M) for 48 h increased tyrosinase activity by only 12 ± 3% above control values (n = 3; P < 0.05) . a-MSH at this concentration and over this time period had no effect on cell nurnbers. Effect of Beta-estradiol on Tyrosinase Activity and Melanocyte Numbers Incubation of melanocytes with beta-estradiol (10-12 -10-9 M) for 24 h resu lted in a dose-dependent stimulation of tyrosinase activity and a 50% reduction in cell numbers with 10-10 -10-9 M beta-estradiol (Fig 6) . As with 1,25(OH)2D 3 there was a negative correlation between the decrease in cell numbers and the increase in tyrosinase activity (n = 15, r = -0.7257, P < 0.01).
The results in Table I show that the magnitude of the beta-estradiol-induced tyrosinase response was similar in cells from the same donor at different passages (cell line 0109, passages 5 and 6) but may differ between donors.
DISCUSSION
On the basis of studies in intact animals 1,25(OHhD3' a-MSH, and sex steroids are regarded as probable regulators of pigment cell function [2, 11, 27) . The evidence that these hormones affect pigment cell function in vitro has been limited largely to studies with melanoma cell lines [8, 9, 12) . In some respects the results obtained w ith 1,25(OHhD 3 in human melanocytes are similar to those reported in human melanoma cells [5 -7,9] . Human melanocytes bind 1,25(OHhD 3 with affinities similar to those reported for human an d animal melanoma cells and for other types of skin cells [28) . They respond to this hormone w ith a large increase in 24-hydroxylase activity. This "classical" response has been shown in other cell s to be a receptormediated event [29] . The lack of cAMP responses to 1,25(OHhD3 A sterisks refer to differences between treated and control values: ' p < 0.05; " p < 0.02; " ' p < 0.005.
gested th at th ese effects reflect 1,25 (OH}2Drmediated cell differentiation [31 J. It is possible that culture in the presence ofPMA may ca use the melanocytes to become more " undifferentiated" when compared with normal melanocytes from intact skin and this may alter the expression of l,25(OH}2D3 receptors. H owever, th e availab le evidence suggests that melanocytes propagated in vitro by the mitoge ns PMA and CT are phenotypicall y stable and relatively well d ifferentiated [1 8] . The experiments reported here were performed after the removal of PM A and CT for 24-48 h. Under these condi- The conccnt ratio n of beta -estradiol used in these experiments W"s 10-' M .
, P < 0.00 I, sig nifica ntl y differe nt fro l11 control va lues. tio ns the subsequent stat. e of differentiation in these cells, at least as assessed by tyrosinase activity, appears to be unaltered as only a small
